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KONA STORMS. 
By LAWRENCE H. DAINOERFIELD, Neteorologifit. 

[Weather Bureau, IIonoiiIulu, Hawaii, Apr. 23, im.] 

SYNOPSIS. 

“Kona,” or sontherly. winds over Hawaii are believed to l)e local 
haaes of reveraed or disturbed preseure dislnlution over the north 

hwitk Five principles are stated in support of this theory. A re- 
view oi the December 22-25, 1930. kona Rtorni is given. in demon- 
stration of the theory, supported liy eeyeral maps. A liet. of kons 
storms from 1914 to date is gven in talnilar form. 

The word "kana', is of Polynesian origin, meaning 
“leeward.” The Hawaiians of antiquity had no words 
to indicate tho points of the compass. \Vlien asked the 
direction to :k certain plhce, t.1ic.y would say “in:mk:i ” or 
“ iiialiai ”-nir.nning “ Inonntninward ” or li toivarcl the 
SC‘II. Possibly they would use t.he well-known !oc:il 
goograp!.lical expressions of “ Ewa ” or “ Waikiki,” mean- 
ing in the direction 01 those two suburbs of Honolulu. 

hi like nitlnner the kona storin received it,s name, 
Ikie~niIl~ in its simplest fonn that the leeward sides of 
the several islands of Hawaii had become teinporuri1.y 
the windward sides. The northenst or trade wind IS 
cloniinnnt throughout the Territ.ory. Consecluontly, the 
tcrin “ kona I’ applies t.o southerly or souihwesterly 
winds. 

’I’he litcrsture on koiia storms is cs!rcmcly meager, 
tlrspito the fact that thesr! pec*uliarly Iiewaiitia storms 
tire of relativdj. frequcnt occ~urrcnce ant1 were early 
recognized as proinincnt plicn~iiieii:i wid of vit:d impor- 
tance io tiic drier sections of the sc.wriil islands. I t  is a 
melI-rst:~blishrrl f:wt. t,Iiat, miinv b~xt t l   irei its oI IZi.vmii, 
in the clri)u~l!t.-stric:kCii ih(!;w:; v!‘ t’iir d ~ ~ ! l k r ~ ~ i g  hills 
iinrl niounti~.~ns, t!clii:g as I;~irrkrs L!i L . l i i b  t r i ~ l e s ,  WJU!C.~ iw 
nvt,l!i:ig but des~rl; wcisttss, cwc.pt for t.il:. SI ) m o d i u t ,  for- 
tui tous c.miing of the lionii storiiis. 

1 lic~ae st.ornis are not. uiiniiseil Llc~sliigs. ~ ~ ~ J W V V I Y .  
Trr:-s! tm KI ps , ttg ric u 1 t ur a1 1 MU IS, 1 1 ~ ) 1 i i  OS, i in c! \ ~ l :  ‘J I c vi 1- 
l~gvs,  1):ivc bc.211 wtisiiod uwity at t,inira, witlt rt-aultnnt 
lire tmcl  i)ropbrt,v loss. Forests have Ix~e~i fltittened by 
t.!w tittrllcl:1lit \\-itltla 211d lt~!wmiI I l i i h w ~  i r ~ i l  C i ) i u t  lines 
rrwlcred tiarigerouu t o  sliippinq 911 tilt! <wi. Couiiting 
1):)tli pro;;t anti ~osa ,  ~imw.~~i-, i t  Ii:ts t ) t w i  lountl that tlio 
bnl:ii.ii:c? is 1:ugely aLl~n.rlt:lgi’IJlld ti) tlie coininunities 
visitcvl i)y t.iit.si ’ L s;i.,):.rns. 
In vi (w “I’ ~ i ~ r  pwliiiiinury rciiiurks, it muy smni prc- 

sunipti.inus on the! piirt cjf ihc writ.er to &tempt :t solution 
of ~ i : c  konrr.-storni riJclic, plticing it OII the way to a 
srientilic solut,ion. NevcrtItlhs:s, wv nt.tciiiptml 8 prc- 
seiitt.tion or” our first. study of lioiias before the Pan- 
Pticitic. Scientific Conference, held in Honol~lu last 
diigust. Tho accuniulniion i)r” observed facts since the 
pry.xir;itioii of the p~qxhr of iiist. Aiigiist. Ii:is tentlei1 t.0 
suustmtin t.e tlic vicws tJieu c.xprt*s~(vI rciittive to t 111. 
cause of lioniis. 
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The phenomenon of !cona storms rtppears to rest on 

1. The Hawaiian Islands lie just south and southwest 
eat north Pacific high-pressure area. The 

north and west position, slightly to the north of the 40th 
parallel and near 150°, west longitude, during July, 
August, and September. The central region of hi h 
pressure, however, is between 30’ and 40°, north latitu d e, 
and to t.he east of the 140th meridian during the colder 

2. The high-pressure area “Is most en ? uring and reaches 
months-from November to Februa 

its maximum strength during the warm months, with 
d u w s t  as its peak month, a t  the time of its most northern 
ana  western position. This fact is in complete harmony 
with another well-known fact, namely: That land masses 
acquire and lose heat niuch more rapidlv than do the 
vast oceanic areas. The continent of Rorth h e r i c a  
is consequently under low-pressure dominance in summer, 
while a considerably higher pressure prevails over the 
cooler nortrh Pacific. 

3. Inasmuch as the direction and force of wind depend 
upon the relative position of high and low pressure areas, 
and the steepness of the intervening pressure gradient, 
we find the time of the most persistent trade winds to 
be during the warn1 months of the year. The earth’s 
rotation causes t.he tmdes to assume a more nearly east- 
west course 11s the equatorid low-pressure belt is ap- 
proached. 
4. Conversely, we find the colder months, when the 

ncirth Pacific high aren is weakest and drawn closest 
to th5 United Sttttes coast, that the trades are most 
tickle. There are occasions, indeed, when they are su - 
pre!sed over Htiwaii and couiiter, or southerly, win t; s 
spring up, indicating that, a reversid in trend of the 
pressure gradient has occurred. 

5. We must introduce at  this time mother pressure 
system to explain the reversal in wind direction, noted 
iminedistely above. To the north and northwest of the 
nort,li Pacific high %res lies t.he Aleutian low-pressure area. 
This is it well-deSned and practicnllg permanent depres- 
sion wvliich occupies the vicinity of the Aleutian Islands 
during the colder months of the year; the depression 
disappears cluring the suninier season. 

Let US see how these facts apply to these peculiar1 
Htlwuiisii storms. Recalling that the Aleutian Islan B s 
low area reaches its greatest depth during the colder 
season, or months of most frequent konu storms; that this 
is the time whcn the north Paciiic high area dissipates to 

the following fire basic. nietcorolngical facts : 

center Of the o’ F this high-pressure area reaches its farthest 
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a marked extent and shrinks eastward toward the Cali- 
fornia coast; we observe that the hi h- ressure belt 

winter, and early sprin months occasionally breaks 

for northeast winds, is reversed and southeast, shifting 
to south and southwest, winds set in over the islands 
beginning at  the extreme northwest portion of the chain 
and progressing soutlieastwarcl. The force of the south- 
erly winds and their duration is of course dependent upon 
the magnitude and osition of the barometric depression. 

from the Aleutian LOW in the form of a trough or V-shaped 
depression. Frequently three or four days are rec uirecl 

islands of Knuai, Niihau, Oahu, Molokai, Lanai, Kalioo- 
lowe, Maui, and Hawaii, attended by moderate to heavy 
precipitation. 

These migrating, wet, southerly winds are the typical 
konas of Hawaii-merely local phases of vast baroinet,ric 
depressions. Thus, the ordinarily dry, leeward slopes 
become temporarily the windward slopes and are deluged 
with water. Thc more direct1 these 'southerly winds 

local1 as " palis," the quicker and freer the condensat,ion 

ronounced Eona storm experienced in 

year ago, occurred during the period of December 35-27, 
1920. For esample, on Oahu with 37 rainfall reporting 
stations the amount and distribution of rain Ileceiiiber 
21 to 2G may be seen from the small t,al>le below: 

lying to the north of Hawaii during t f P  e ate autumn, 

down completely. At suc a times the gradient, ordinarily 

It seems probable t R at the latter estends soutliwestward 

for these southerly winds to swing across the eight I arger 

strike the steep slopes of the lid !T s and mountains, known 

and t 9 ie more torrential the recipitation. 

Hawaii since t P ie inauguration of forecasting, about one 
The most 

.I. l i  Dec 21 ._.._.._._..__ 
Dee. 23 _._._...____._ % 3.19 Lkr. L! _______.___... .w 

U."f IMC.  24 .............. 
Dec:!E _.._._____.__. I 

E l  
.Nil 1)CI.. 5.. . .. .. . . . .. . . 

, The first hint of this storni cnnie from Midway Island, 
p. m.,. December 20, when t,he pressure had fallen t.o 
29.54 inches. By the evcniiig of the 22d, the wwsure 
at  Midway lind fallen to S9.3G inches, wit.h tfie wind 
veering to the west and reaching a masiniuni velociby 
of 38 miles from the west. The pressure rose slowly to 
29.46 by the evening of the 3311, on which dnte t,he wind 
velocity reached a niasimuni of 72 niilcs from the north- 
wesb-a record for the stat.ion. Therpafter the pressure 
rose slowly n t  Midway, nltliougli oscillating somivhut , 
until normal ressure W:IS again reachccl on the %th .  
Westerly winc f s prevailed t,hroughout the time of rising 
barometer at  Midway. Upon t.he arrival of t-lie Com- 
mercid Pacific Cable Co. schooner Flmireitce h r d  from 
Midway Island, Ca t. Georgc H. Pilt,z, of t,hat ship, 

ap ears in table KO. 2 below. 
ft a ears that when t.he ship was in north lat,itudo 

27' 40 and west lon 'tude 167' 30' at  130 a. m., 157' 
30', meridian or onolulu time, December 33, her 
barometer rea.d 29.75 and the wind was from t.lie east- 
northeast, with force 5. Thereafter the pressure fell 

sup lied us witdi va r uablc met,eorological dstrt. A copy 
of P Inurenee U'wd weather log, Deceinber 31 to 35, 1930, 

I? 
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rapidly, with a veerin wind through the east, southeast, 

lowest pressure reached was 29.10 inches at  midnight, 
December 23-24, in latitude 27' 40' north and longitude 
16G' 15' west, at which time the wind was in the south- 
southwest, and reaching a force of 11 shortly thereafter. 
Terrific lightning and heav rain were experienced 
during the evening OF tlie 2 2 l  and squalls and lightnin 
from 4 a. m. of the 2311 to noon of the 34th. The quicf 
veering of the wind from southeast to south-southwest, 
during the E d ,  indicates that the region of low pressure 
was extremely narrow and that tlie schooner was rela- 
t.ively near the sou thcrii tip of a V-shaped depression. 

At Honolulu? t,he wind veerecl froin northeast to east 
between 6 and 7 a. m.; to southeast, between 5 and 9 
a. m., and to south, between 5 and G p. ni., December 23d. 
Rain began ab 7 5 5  p. m. of 22d, continuin with sli h t  
iiit,ermissions until G:l5 a. m., P%h; the a eaviest K all 
was on the 2 3 4  and the lowest pressure, 29.73 inches, 
was reached a t  3:lO p. m. of the 24th. The wind veered 
into the southwest during the evening of tshe 24th and 
into the west between 5 and 6 a. m., of the 25th? after 
which time the rain ceased and the weather improved 
and the  kona was practicdly over, although cloudy 
throughout the day. The masinium velocitv of the 
wind was 3G miles from tlie west at  5:lS a. m., Decembcr 
25. B the evening of the 25tli, the wind had veered 

np )roac.liiiio normal. 
Judging \y t.hc t.iinc OF the boginnin and ending of 

the Ronn storm undrr considercltion began over Kauai 
cnrly on the 32d an11 endctl over Hawaii on tlie 28th of 
Decrmhcr-tnking sis (lays in it,s passage over the islands, 
which is slower thin the rtverqe time, ns shown by the 
acconip:mping tdili? of konn st.oriiis, 1914, to date. 

An examination of the wctitlier imps of the North 
Pacific Ocem show:; t.lie npi>m.!nt swinving southward* 
of t . h  Ali+u tian 1r;landa low tire3 froin ?December 20 to 
Si, and then its iiorthward swiw therafter until rench- 
in- its normal posit.ion about &e 3Sth. 

7nspect.ii.m of t,lic nccorupnnyino tnljle of konn 
st.ornis will show that these southerf) rainstorms, 1vit.h 
fcw csceptioiis, reach Kauai, the northwest.eimiiost of 
tlie nisin Rawaiim Islands, first., and Hawaii, t,lio 
sout,lienst,cmiiiost,, last., in harniony wit.11 tlie southern 
or soutlicnstcrn swing qf  the Alcutinn Islands depression, 
at. the senson whcn it, is most act,ive, and when the north 
Pwific Iii4-prc'ssurr area is least, pcrnianent and nearest 
t.lit! soutEcrp C!nliforiii:i const. Occasionally, only a 
p:wt of t,he islands of thc woup are uffectt?d by n kona 
s t,oriii, at w1iic.h t.imc.s on& the nortlicnimost. There 
limc bccn eswptions to this rule, howover, iiidicatino 
that. rit,liw the Alrntiiin Islands depression had sprcaa 
sout.liwn.rd t.o the east of Kauai, or t.liere had been a 
development of 11, bilromctrio depression somewhe .  t,o 
our northcastxwd in tht? oceanic. area normslly occupied 
by tlie north Pacific high-pressure area. 

south, to southwest % uring the next three days. The 

into ts Q ic nort.lienst c p d r a n t  snd t.lie pressure was 

t.lie w w m l  rain over t,he scveral islan I$ a, we find t-hat 

*It is rckrrcd to think of Kolia storms as iudapeiidriit drvzlopmcntr, possibly as a 
result oftlie eastward movement of cyelo~uc systems iu higliw btitudes 111 which tlw 
renter and the northern portion of the cyclone advanre more rapidly than the southern 
and eventual1 morge with the semi-permanent Aleutian Low rather than a bodily 
shifting of theratter to the southwest. Doubtless the conR iratfon of the Isobars in the 
hleutiaii Low chmiges from day to day as cyclones advance fom the west or issue toward 
the cast-southeast. Such changes need not LIP eonsldered as indicating a temporary 
shifting of the LOW itSCIf.-EDITOR. 
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Date. 

T A ~ L E  l.-hronu a t o m s ,  Mar&, 1914, to Februuy, 1921, both inelitsire. 

PRESSURE, WIND, AND PRECIPITATION DATA FOR HONOLULU. 

Lowes 
pres- 
sure. 

TABLE I.-Kma storma, ,?farch 1914, to February; 1991, both inctnsive- 
Continued. 

PRESSURE, WIND, AND PREClPATION DATA FOR HONOLULU-Contd. 

1914. 
Yar. 27 

28 

Inehcs. ....... 
3.P 

- 

TO131 
rain. 

Dec. 18 
19 

1915. 
Nov. 11 

12 

- 

Reniarks. 

....... 
29.60 

29.S2 ....... 

I I- I 
-_ 

Jan. 23 
2.1 
25 
243 

Wind. 
- 
Diree. 
tion. 

....... 
9. s6 ....... ....... 

Nor. 24 
"6 

Irec.. - 
3 
4 

10%. 
Jan. 0 

10 
12 
13 
14 

191Y.,, 

........ 
''9.75 

........ 

........ 
L%.i4 

........ ........ ........ ........ ........ 

1 1 Wlnd. - 
Prrr 

vailinl 
direc- 
tion. 

- 
Maxi- 
mum 
veloc- 
ity. 

Date. 
-- -- 

Inwest. 
pres- Maxi- 
sure. nium Direr- 

it).. 
reioc- tlon. 

Milm, 
14 
24 

?? 
34 

21 
10 

8 
27 
41 
31 
34 

39 
49 
51 
4 i  

1U 
1s 
3' 
IS 

19 
2s 
3' 

2.5 
30 

31 
29 

?G 
23 

32 
42 

17 
23 

?o 
38 

19 
3; 
211 

31 
XL 
15 
21 
15 
I5 
1s 
2; 

'nches. 
0.09 
2.55 

0.00 
1.53 

1.01 
1.78 

0.00 
0.40 
2. s2 
0.33 
1.37 

0.00 
2.92 
4.24 
0.78 

0.00 
0. on 
1. a 
0. '94 

0.01 
3.30 
0.5s 

0 . w  
2.07 

1 . 2  
0.00 

S. i G  
4.7s 

1.21 
0.31 

0.03 
3.76 

0. i 0  
3. ti3 

T. 
0. 13 

T. 
0. IS 
T . 
0.30 
T. 

0.72 
2. ow 

n. "G 

o. 00 

Inchra. 
0.00 
0.01 Rain began Eauni. 
0.?5 Rain endcd Oahu Md. question- 
0.11 Ruiu begun Kauai. 

able weather toi!hed HswsU. 

4.5i 

RE. 
s, 

SW. 
8. 

S. 
NE. 

SE. 
S. 
8. 
SE. 

SIC. 
SW. 
S W  w . 
SIC.:. 
PE. 
8. s. 
RE. m. sw. 

S%. 

BE. 
YE. 
sw. 
NE. 

SW. 
SW. 

s. 
SE. 

8.  
8. 

s. 
H. 
Y w. 
S. w. 
s \I.. s. 
S. 
B w. 
s. 
NW. 

a. 

sy. 

9E. 
S. 

SW. 
8W. 

8. 
9. 

E. 
SE. 
SW. 
8W. 
SE. 

S. 
S. 
s w . sw. 
SE. 
FE. 
SE. 
?r' w. 
SE. 
RE. 
8. 

S. 
8 \ V .  

SE. 
8%. 

SE. 
E. 
SW. 
SW. 
SE. 
SE. 

SE. 
d. 

E. 
HIS.  
IV . 
S. w. w. 
S .  
SE. 
s. 
NE. 
NE. 

Rain began Elawaii. %th. 
Rain ended Hawaii. hfaiii, Oahn. 

28th. 
NE. 
8. 
8. 

8E. 
SE. 
8. 
W. 

....... 
R3in be n 6auai  O a h ,  19th. 
Rain e n z d  Hawah, 82d. vcc. 22 I ....... .I 

231 ........ 
25 ........ 

FA i 7  ........ 
18 3.79 
1Y I ........ 
20 ......... 
21 ! ........ 

1921 24 I 
... 

I 
2.5 I 8. 
33 I s. 
33 R. 
3il I w. I A: 1 Rain ended Hawaii, 29th. Beginning and end o l  rain not clear; 

lowest pressure on 10th. 

Rain hcgan Iiaiml. 

Rain ended Iiauai. Oahu, 29lh. 

R3in began Kaual. 

Rain ended Hawaii, ?Ist. 

Rain bepu Kauai. 

R d n  cndcd Hawaii, ?Yth. 

Rain began Kauai, 1st. 

Rain ended Hawnii, Maiii. Bth. 

R rin be an Kausi. 
Kkn vnserl Hawaii. 31nui. 12th. 

33 1 w. 
13 I S. 
IS 2;. 
31 ! 8. 

Rain began Hawaii, 15th. 

?!in ended gqual. 

Dec. 23 ._____ 
3. I 2  

Jan. 16 ........ 

1 4  I- 
2.5 1::;::;: z ....... 

1910. I 
0.33 
T I 0.32 

$.23 ^" ! 

~ 

Remarks. 
Mar. 3 ....... 

....... 
Jan. 9 ....... 
Jan. 19 3 .41  

20 I ....... 
Calm. 
EN&. 
SE. 
8. ssw. 
SSW. 
SSW. ssw. 

Rolling sea. 

Lightning. 

i 0  
: 5  

5 

8 

Y 
8 
9 

10 
10 
10 
11 
11 
I0 
8 
I 
9 

i :  
... 
.._ 

Rain bcman Iiausi 15th. 
Rain en&d Kanai,'20th, Oahu,Slst. 

.... .... .... 

............ ....... .... 
Har. 19 ~9.70 

?a ....... 1918. I 
....... 

Lowest pressure. 14lh. 
Rain cndcd Iiauai, z'd. 

Rniu began all islnnck: clidrd 20th. sqllnil y. 
Do. 

S a .  in. ...................... 
N O O l l . .  ...................... 
4p.m ....................... 
12inidnight. 27 40 1136 15 
1:30 a. m.. ......... -1.. ....... 

... 

.... 

9.3 I__.. 

2Y. 20 

29.10 I CY 
29.11) i.... 
29.20 !.. ._I  

3.26 j _ _ _ .  
3J.32 
I. .IO I. ... 
L-J. cn ~. ... 
'29.52 GY 

?!I. 10 I-Gi 

I ! I  . ,  

Apr. 18 ........ 
19 I 3.G Rdn  began Kai13i. 

Rdnended Hawaii. ??d. 

Rain beznn TLuwi. 

Rnin Lc~sr !  I<:iw.bi. 

R:Un cnded Rn \v aii, 6 t 11; 0d1 ti, B I h . 
Kain began Iiauni. 

I I I 1 1 / 1  I in  'direction in 
which ENE. it started, 

Knin p~itlcd iI?\vaii, Xaoi, Oah:~. 
1stt1. 

. 
I .illernid bxoma-ler compared nl slntinn upon return to Honol I and found correct. 

The Pacific Ocean rmbr:ices an area of :hou t 55.000,OOO 
s uare miles, equivalent. to the riitirc Iniid s1irtiir.e of thi! 

of t,his rqst estent, innny fratures of great interest. tin11 
importuaci~. In  regard to some of these we are ulrenily 
iiiorc or less well informed, but oE others our kiiowletlge 
is very iiietpr and many important qucs tiiiiis conccriiing 
them remain to be aiiswercd. 

Tlie coordinated efforts of the several nst.ioiis whose 
lunc1s.lie within or atbout tlie far-reaching borders of the 
Pacific are essential t.0 the proper study of these fcatmes 
and to success in any attempts that niriy be iiiarle t.o 
solve the physical problems associated tlierewitli. 

Wlirit appetir to be tlie cliicf features of Pacific Ocenii 
meteorology calling for st,utly at. the present tiriir ilrc 

g i? obe, mcl presents to the meteorologist, partly hy rc':ism 

wesentctl briefly I~elow, the object being to estiiblish a 
L i s  for systemitic iiivestigntion in the future. It is 
rwognimil, of course, t h t  2my p h i  made now, must 
ncc.e:;s:trily 1w subjcct to moilificntion. 

Tiic sorvey ni:iy I N  presented in the form of a series 

1. What is the norninl distribution of atmospheric 
prcssurc over t!ie Pacific Ocean and its adjacent land 
wetis 1 
3. W l ~ t  is the iiorninl seusonal distribution of pressure? 
3. Wlia t regions are under permanent high pressure ? 

4. FVhat a m  the reg@ occupied by high or by low- 
ressuri? conditions vary, or 

of c~llesti~Jns : 

Tl;liat under perniaiicn t low pressure 8 

pressure :irws, in which 
iiitlcecl we revL~rsei1, with t4 Y le cliitnge oE season ? 

1 Rclirirltctl lrinn Procerdlqn vf lhc First Pen-Pacific Scbnii]ic CongrrEn. 


